An ancient rangefinder (the Roman Dodecahedron)
It is easy to guess that OAKOC is a procedure as old as war. To see how Julius Caesar managed OAKOCs we can follow some precise descriptions that he wrote in his De Bello Gallico. In the English translation [5] of this book, we find the noun "range" used in the sense of prepare a "row or line of soldier." The term "distance" is used in the English translation for an estimate of the physical separation of Roman soldiers from enemies. Caesar gives known distances in miles, but when he reports the fights he describes the relative ranges telling for instance, "a short distance from the legions," "small distance," "great distance" and "very great distance." We could ask ourselves, are these terms simply proposing an estimate or are coming from some measurements? After studying some Roman artifacts and the Latin texts by Caesar and other writers, scholars have provided some discussions of ancient surveying methods. Romans used "groma" and the "cross" as surveying instruments [6] . As told in Ref. 7 , the surveyor's cross is a simple instrument for making alignments. Its primary feature is the use of some vertical slits, positioned opposite and at right angles to each other, which are inches or feet apart, depending on the form of the instrument. "By lining them up, lines can be projected on the ground for a considerable distance." [7] For fast planning operations of an army or for launches of ballistic machines, had the Roman any different suitable instrument? A possibility is the use of a Roman Dodecahedron [8, 9] . Fig.1 on the left shows one of them. These dodecahedra are bronze artifacts dating from the 2nd or 3rd century AD. These objects always consisting of 12 regular pentagons and have a diameter ranging from 4 to 11 centimetres. Several of them have at the centre of the 12 faces, holes of different sizes. It is usually told that the Roman dodecahedra, about one hundred collected in several European museums, came from Gaul and the lands of the Celts. In fact, the lands where these artifacts had been found were at the border of the Empire. It means that the dodecahedra were probably connected with military operations. According to [9] , their function or use is considered as a mystery. Moreover there are so many theories reported by the World Wide Web (candlestick holders; dice; survey instruments), often without a proper reference, that it is impossible to verify them. The hypothesis of using of them as dice is weak, because a roman dodecahedron such as that in Fig.1 is biased, and therefore not suitable for sorting or gambling (dodecahedral dice were quite different [10]). I have prepared a dodecahedron, made of paper, according to the data of one of them given in Ref. 11 . In this reference is reporting the sizes of the holes (see Fig.1 on the right). The dodecahedron, found at Jublains, the ancient Nouiodunum, is dating from the 2 nd or 3rd century AD. In [8] , I proposed this Roman object for measuring distance, using a method based on similar triangles. The dodecahedron possesses five angles of view, and, knowing the size of an object allows to determine its distance. The angle of view is the cone which describes the angular extent of a given scene. Naming 1,2,3,4,5, and 6, the holes of face A, and 1',2',3',4',5' and 6' the holes, of face B (see Fig.1 , we have the following opposite pairs: (1',1),(2',6), (3',5), (5',3), (4',4) and (6',2) (for they size see Ref.8). Let us consider for instance, the pair (2',6) and look through the dodecahedron, holding it with 2' and 6 parallel, with 2' near an eye and 6 as opposite. If the dodecahedron is close the eye, we see the two holes (see Fig.2 ); if it is too far, we see just the nearest hole 2'. There is a distance where we can see the circumferences of the two holes as perfectly superimposed. This gives the precise angle of view, that we can use for measurements. In the case of the small vase shown in the lower part of Fig.2 , which is 0.2 m high, I used the pair (3',5). The dodecahedron was at 2.5 meters. I observed the two circumferences as superimposed and the object perfectly fitted in the hole. Of course it is not necessary that the target is perfectly fitting the hole. It is necessary that the soldier, looking through the dodecahedron, is able to estimate the size of the scene containing the target. In this way, he will be able to evaluate an approximate distance of it. For me, those dodecahedrons having a structure with holes of different sizes, are military instruments to evaluate distances for ballistics. Roman dodecahedron is a rangefinder simple to use.
The fore-staff
The previously discussed dodecahedron, being of bronze was quite strong and portable. Considering it as a rangefinder of the Roman Army, its use was lost after the collapse of the Empire. It seems that the Middle Age developed a different rangefinder, or used an already known device. It was the fore-staff. The noun "fore-staff" is referring to several things and therefore it is a little bit confusing. The best is to describe it according to its use. It is also known as Jacob's staff or cross-staff when it is used for astronomy and navigation, as a device to measure angles, later replaced by sextants. In surveying, it is a vertical rod that penetrates the ground, supporting a compass for measuring angles. I am using "fore-staff" because it is the best for describing the device used in ballistics. As told in Ref. 12 , the fore-staff is also known as "ballista." In fact, the ballista is an ancient military engine, which was used for throwing stones, darts and javelins. Therefore the rangefinder used to determine the distance of the target was named after its ballistic machine. As we can see the Figure 3 , it is quite simple and its use based on similar triangles again. In the original form of the fore-staff, it is a pole (the main staff) marked with graduations for length. A cross-piece, called transom or transversal, slides on the main staff. It was common to provide several transoms, each with a different range of angles it would measure.
